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The effect of phenylalanine restriction on the level of expression of phenylalanyl-tRNA synthetase from 
cultured Chinese hamster ovary cells was investigated. By lowering the phenylalanine concentration from 
200 to 2 PM, cell growth was arrested, tRNAPhe aminoacylation level was rapidly and specifically decreased 
and phenylalanyl-tRNA synthetase was derepressed. The progressive 2-fold elevation of phenylalanyl- 
tRNA synthetase level was determined by activity measurement and immunotitration. None of the other 
aminoacyl-tRNA synthetases tested were significantly affected. 
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1. INTRODUCTION 
The regulation of the biosynthesis of aminoacyl- 
tRNA synthetases has been extensively studied in 
procaryotes [ 1,2]. Early experiments indicated the 
involvement of cognate amino acid in the control 
of aminoacyl-tRNA synthetase expression. Ap- 
proximately half of the E. coli aminoacyl-tRNA 
synthetases exhibit transient or long-term derepres- 
sion upon cognate amino acid restriction. In par- 
ticular, it was shown that upon phenylalanine 
starvation, phenylalanyl-tRNA synthetase dis- 
played a 2-fold permanent derepression [3]. It was 
later demonstrated that the expression of the 
pheS, T operon of E. coli phenylalanyl-tRNA syn- 
thetase is controlled by an attenuation mechanism 
dependent on the level of tRNAPh’ aminoacylation 
141. 
Mammalian phenylalanyl-tRNA synthetase, like 
the corresponding enzymes from E. coli and yeast, 
has a tetrameric C&Z type structure [5-71. While 
the structural and functional properties of the 
mammalian enzyme were examined in some detail, 
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there is no information available concerning the 
regulation of its biosynthesis. In the present paper, 
we have investigated the regulation of the expres- 
sion of phenylalanyl-tRNA synthetase from 
Chinese hamster ovary (CHO) cells. By submitting 
exponentially growing CHO cells to phenylalanine 
restriction, a selective 2-fold derepression of the 
corresponding enzyme was observed. 
2. MATERIALS AND METHODS 
2.1. Cell cultures 
Wild-type CHO cells were grown in suspension, 
at 37°C in minimal essential medium (MEM, 
Eurobio) supplemented with 5% fetal calf serum 
(Boehringer), 2 mM glutamine, 100 pg/ml 
penicillin and 100 pg/ml streptomycin. 
In experiments with medium containing reduced 
phenylalanine concentrations, dialyzed fetal calf 
serum was used. Dialysis was performed at 4”C, 
for 72 h, against 3 x 10 1 PBS (137 mM NaCl, 
2.5 mM KCl, 8 mM Na2HP04, 1.5 mM KH2P04, 
pH 7.2). 
2.2. Enzymes and antibodies 
Purification of phenylalanyl-tRNA synthetase 
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from sheep liver and of the aminoacyl-tRNA syn- 
thetase complex from sheep liver was described 
earlier [7,8]. Antibodies directed to phenylalanyl- 
and methionyl-tRNA synthetases were those 
characterized in [7,9]. 
2.3. Analytical methods 
Aminoacyl-tRNA synthetases were assayed by 
the aminoacylation of tRNA, as described [7,8]. 
Unfractionated brewer's yeast tRNA (Boehringer) 
was used as substrate, except in the case of arginyl- 
tRNA synthetase which was assayed in the 
presence of partially purified beef liver tRNA. One 
unit of activity corresponds to the formation of 
1 nmol aminoacyl-tRNA/min, at 25°C. 
Protein concentration was determined according 
to Lowry et al. [10], using bovine serum albumin 
(BSA) as the standard. 
Crude extracts were prepared as in [11] and 
stored at -70°C after quick freezing in liquid 
nitrogen. Aminoacyl-tRNA synthetases remained 
fully active for at least 1 month under these condi- 
tions. Aminoacyl-tRNA synthetases were assayed 
directly, after appropriate dilution, or following 
centrifugation through minicolumns packed with 
Sephadex G-50 [12], to ensure removal of unla- 
beled amino acid prior to the assay. Using these 
two procedures, identical results were obtained. 
Immunotitration of aminoacyl-tRNA syn- 
thetases was achieved as described in [11]. 
The in vivo tRNA aminoacylation level was 
determined as in [11]. Aminoacylation of tRNAs, 
from periodate-oxidized and non-oxidized RNA 
samples (1-5 A260 units) was performed as de- 
scribed for the aminoacyl-tRNA synthetase assay, 
using saturating amounts of purified aminoacyl- 
tRNA synthetases from sheep liver. The in vivo 
aminoacylation level of tRNA corresponds to the 
ratio of the amino acid acceptance determined for 
the periodate-treated RNA fraction to that ob- 
tained for the untreated fraction. 
3. RESULTS AND DISCUSSION 
Phenylalanyl-tRNA synthetase from higher 
eucaryotes was purified from various cells and 
tissues. It was shown that the enzyme from sheep 
liver displays an crz6'2 type structure, with subunit 
Mr values of 71000 and 63000, respectively [7]. 
Essentially similar results were reported for the 
corresponding enzymes isolated from rabbit 
reticulocytes [6] or rat liver [5]. Evidence in favor 
of extensive structural conservation amongst 
phenylalanyl-tRNA synthetases of mammalian 
origin was obtained by immunochemical ap- 
proaches, showing that antibodies raised against 
the enzyme from sheep liver cross-reacted with the 
corresponding enzyme from canine kidney cells, 
rat kangaroo kidney cells, hamster kidney cells and 
CHO cells [13]. In addition, it was shown that 
phenylalanyl-tRNA synthetase from CHO cells 
displays an apparent native Mr of about 250000 
[14], in agreement with that determined for the 
purified enzyme from sheep liver [7]. 
The specific activity of phenylalanyl-tRNA syn- 
thetase was determined in crude extracts from 
CHO cells exponentially growing in suspension, in 
minimal essential medium containing 200/zM 
phenylalanine. The values obtained from at least 
10 separate xperiments were reasonably constant, 
corresponding to 0.49 + 0.05. Under these condi- 
tions, the in vivo aminoacylation level of tRNA Phe 
was close to 90-95%. CHO cells were subjected to 
phenylalanine r striction to examine its effects on 
the level of expression of phenylalanyl-tRNA syn- 
thetase. It was shown earlier that depletion of 
methionine, isoleucine or leucine from the culture 
medium did not affect the level of expression of 
phenylalanyl-tRNA synthetase, whereas a 2-fold 
elevation of methionyl-tRNA synthetase l vel was 
observed upon methionine restriction [11]. When 
exponentially growing CHO cells were transferred 
from a medium containing 200/zM phenylalanine 
to a phenylalanine-restricted medium (2/zM), cell 
growth was arrested and the in vivo aminoacyla- 
tion level of tRNA Phe was rapidly lowered to 
10-15%, while the extent of the in vivo 
aminoacylation of tRNA M~t and tRNA LCu remain- 
ed unaffected (approx. 80-900/o aminoacylation). 
In the course of phenylalanine restriction, the 
specific activity of phenylalanyl-tRNA synthetase, 
as well as those of methionyl-, leucyl-, arginyl- and 
histidyl-tRNA synthetases, was determined. As 
can be seen in fig. 1, the rapid decrease in the level 
of aminoacylation of tRNA Ph~ was followed by a 
slow increase in specific activity of phenylalanyl- 
tRNA synthetase. After 72 h of phenylalanine 
restriction, its specific activity determined in 3 
separate xperiments was 0.81 +_ 0.07, indicating a
nearly 2-fold elevation of phenylalanyl-tRNA syn- 
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Fig. 1. Specific derepression of phenylalanyl-tRNA 
synthetase in CHO cells grown in a phenylalanine- 
restricted medium. At t = 0, CHO cells, exponentially 
growing in minimal essential medium containing 200 PM 
phenylalanine, were transferred to the same medium 
containing 2PM phenylalanine. At t = 72 h, indicated 
by the vertical arrow, phenylalanine concentration was 
readjusted to 2OOpM. The growth curve of cells is 
shown in the top left panel (x-x). At the times 
indicated, cell extracts were prepared and the aminoacyl- 
tRNA synthetase levels were determined by the 
aminoacylation assay or by immunotitration. The values 
shown correspond to specific enzymatic (o--o) and 
antigenic (H) activities, corrected for protein 
concentration and expressed as percent of those 
determined att = 0. The in vivo aminoaeylation level of 
some tRNAs was also determined (ti). Each panel 
represents he data obtained for one aminoacyl-tRNA 
synthetase and its cognate tRNA, and is designated by 
the corresponding amino acid substrate. 
thetase activity. When the restriction was prolong- 
ed to 120 h, there was no further significant rise in 
the specific activity, which reached a plateau value 
of about 0.90. By contrast, methionyl-, leucyl- and 
arginyl-tRNA synthetase activities, as well as 
histidyl-tRNA synthetase activity, selected as 
representative of aminoacyl-tRNA synthetases 
which are generally encountered as high-M, com- 
plexes (Met, Leu, Arg) or as free enzymes (His) in 
extracts from mammalian cells [ 151, were not 
significantly affected. Following a 72 h amino acid 
restriction, upon addition of phenylalanine 
(2OOpM) to the medium, the initial level of 
phenylalanyl-tRNA synthetase was rapidly 
restored, accompanied by resumption of cell 
growth and aminoacylation of tRNAPh’ (fig.1). 
That the increase of phenylalanyl-tRNA syn- 
thetase activity, observed in the course of cognate 
amino acid limitation, is the reflection of a long- 
term derepression of its biosynthesis was confirm- 
ed by antibody neutralization tests (fig.2). The 
results reported in fig.1 clearly indicate that the 
elevation of phenylalanyl-tRNA synthetase activity 
found in extracts of phenylalanine restricted cells is 
correlated with an increased content of 
phenylalanyl-tRNA synthetase protein. 
When mammalian cells are placed under selec- 
tion conditions, quantitative changes in gene copy 
number can be observed. However, such events oc- 
cur at relatively low frequency [16]. It seems very 
unlikely that the increase of phenylalanyl-tRNA 
synthetase activity is the reflection of gene dosage. 
Indeed, that the 2-fold overexpression was ob- 
served after only 72 h of amino acid restriction 
argues against the involvement of gene 
amplification. 
Thus, like the corresponding enzyme from E. 
co/i [3], mammalian phenylalanyl-tRNA syn- 
thetase is specifically derepressed under cognate 
amino acid restriction. In the case of the E. cofi en- 
zyme, the two genes pheS and pheT, respectively 
encoding the small and large subunits of the 
tetrameric a& enzyme, are cotranscribed [17]. 
The derepression of the pheST operon was shown 
to be under the control of phenylalanyl-tRNA- 
dependent attenuation (141 and references therein). 
Here, we have shown that the increase in 
phenylalanyl-tRNA synthetase activity in phenyl- 
alanine-restricted CHO cells was proportional to 
the level of phenylalanyl-tRNA synthetase protein, 
arguing in favor of concomitant derepression of 
the expression of both subunits. However, the 
molecular mechanisms pertaining to the control of 
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Fig.2. lmmunotitration of phenylalanyl-tRNA syn- 
thetase. Cell extracts were serially diluted (1.4 to 
0.1 mg/ml) in 10 mM Tris-HCJ, pH 7.5, 10 mM 
2-mercaptoethanol, 10% glycerol and 4 mg/ml BSA. 
25~1 samples (35-3 ,ug protein) were mixed with an 
equal volume of the same buffer containing 7pg 
ammonium sulfate-purified antibodies, directed to 
phenylalanyl-tRNA synthetase from sheep liver. 
Following a 3 h incubation at 4”C, phenylalanyl-tRNA 
synthetase activity, remaining in the supernatant 
obtained after precipitation with protein A-Sepharose, 
was assayed. The amount of phenylalanyl-tRNA 
synthetase protein was determined in the course of 
phenylalanine restriction: t = 0 (0), t = 24 h (o), t = 
48 h (A), t = 72 h (u). Values expressed as percent of 
that determined at t = 0 are: 110% at t = 24 h, 125% at 
t = 48 h, 177% at t = 72 h. 
their expression remain to be established. In par- 
ticular, by analogy with the situation encountered 
in yeast [18], it seems unlikely that the correspon- 
ding genes are adjacent and transcribed from a 
single promoter. 
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